Recent studies explored a network of brain regions involved in economic decision making. The present study focuses on two of those regions, each relevant for specific and distinct functions in economic decision making: the right temporoparietal junction (rTPJ) and the right dorsolateral prefrontal cortex (rDLPFC). In two experiments using transcranial direct current stimulation, we explored two proposed functions of these areas in bargaining situations using the ultimatum game (UG): understanding the others perspective and integration of fairness norms. Participants first took the role of the proposer and then the role of the responder. We showed that stimulation of the rTPJ only affected the proposer condition. Interestingly, inhibition of the rTPJ led to fairer offers, which strengthens the view that the role of the rTPJ in bargaining situations is to differentiate one's own from the other's perspective. Furthermore, we argue that the rDLPFC is most likely involved in suppressing self-interest when a person is confronted with a direct reward but does not play a role in long-term reward anticipation or integrating social fairness norms. We conclude that self-interest inhibition is shown only in responders, and that perspective taking seems to be a necessary specifically for proposers in the UG.
Introduction
To understand human decision making during bargaining, the ultimatum game (UG) is an often used tool (Guth et al., 1982) . In the UG, one player (the proposer) receives an amount of money that she or he has to divide between herself or himself and another player (the responder). The proposer decides how the whole sum of money will be split between the two players. Afterwards, the responder has the option to either accept or reject the offer. If the responder accepts, the split is made according to the proposer's offer. However, if the responder rejects, both parties receive nothing (Fehr and Camerer, 2007; Sanfey, 2007) . According to the idea of utility maximization, the most economically rational solution for proposers would be to give the smallest amount of money possible to the responder, and the most rational solution for the responder would be to accept any offer, because any profit is better than none (Camerer and Thaler, 1995) . Yet, research has identified a contradictory pattern of behaviour; most proposers offer ∼50% of the total amount of money and offers of 20% or less of the total amount are usually rejected by responders (Sanfey et al., 2003; Fehr and Camerer, 2007; Kirman and Teschl, 2010) . This is especially true when participants interact (or believe they are interacting) with real agents but less so in the case of a computer opponent (van't Wout et al., 2006) . It is suggested that both proposers and responders consider further information, such as the fairness of the offer itself, and that they are aware of those fairness norms within the respectable others mind (Guroglu et al., 2011) .
There is a growing literature about these neuronal underpinnings of these social cognitions (Sellaro et al., 2016) . To make causal statements about the involvement of brain regions, we used transcranial direct current stimulation (tDCS) to manipulate neuronal activity. This is an easy-to-apply method in which an electric current passes through two electrodes (one cathode and one anode) that are placed on the scalp. Results of previous studies suggest that anodal stimulation leads to a stronger activation and cathodal stimulation to an inhibition of the stimulated brain area (Been et al., 2007; Nitsche et al., 2008) . The approach also allows for a very good control condition without any stimulation, the sham condition, which induces the same feeling of being stimulated without an actual direct current. In the present study, we focused on the following two brain areas that are important for functions necessary for bargaining: the temporoparietal junction (TPJ) and the dorsolateral prefrontal cortex (DLPFC). We have chosen these regions because they are part of the network involved in interaction in economic decision making (Stallen and Sanfey, 2013) and at the same time, very well accessible to the tDCS stimulation (Thair et al., 2017) . Our goal was to show that these areas have distinctive functions in economic decision making, namely, perspective taking and emotion regulation, which we will explain in the next two paragraphs, respectively. In two experiments, we set out to clarify the role of the right TPJ (rTPJ; Experiment 1) and the right DLPFC (rDLPFC; Experiment 2) by using the UG.
Several studies reported that the TPJ is often activated during perspective taking; understanding others' goals, intentions and desires; reasoning about the actions of others; and appreciating differences between one's own and others' perspectives as well as during conflicts between those perspectives (Perner et al., 2006; Singer, 2006; Decety and Lamm, 2007; Schulte-Ruther et al., 2008; Van Overwalle, 2009; Hetu et al., 2012; Morelli and Lieberman, 2013) . Studies showed that the understanding of another person's thoughts and beliefs is required in strategic financial interactions (Kirman and Teschl, 2010; Artinger et al., 2014) . Artinger et al. (2014) for example, demonstrated that it was not emotional empathy but cognitive perspective taking that was highly correlated with offers proposed by dictators in the dictator game. They concluded that perspective taking can be used to pursue both self-interest and pro-social goals. Recent studies showed that the rTPJ is actively involved in economic decision making when participants have information about the other player (Rilling et al., 2004; Baumgartner et al., 2014) . Morishima et al. (2012) showed with functional magnetic resonance imaging that the grey matter volume of specifically the rTPJ correlates highly with actions favouring equality. In a reciprocity task, they demonstrated that participants did not become purely altruistic but that the rTPJ was recruited when the conflict between their own material payoff and the principle of equality was greatest. Others demonstrated that impairment of the rTPJ leads to an impaired ability to distinguish between information relevant to oneself and information relevant to another person (Decety and Sommerville, 2003) . If this ability is impaired, participants may resort to a simple heuristic of sharing equally. Supporting this explanation are results from children around the age of 5 years playing the UG. These younger children, with established social heuristics or norms but an underdeveloped perspective-taking ability, often made more offers close to the fair solution (i.e. equal split) compared to older children with well-developed perspective-taking skills (Leventhal et al., 1973; Kanngiesser and Warneken, 2012) . Even though these results point to the relevance of the rTPJ, to our knowledge, no study has assessed the causal link to the rTPJ in the UG.
We hypothesized that proposers whose rTPJ is inhibited via tDCS will be more biased in the direction of an equal split compared to participants in a sham condition in the UG. We reasoned that if the ability to distinguish their own interests from the other player's is disturbed, participants will fall back on simple rules of equality to solve this conflict, like when their perspective-taking abilities were not fully developed. For responders we assumed, with the same reasoning, that if participants consider the proposer's perspective during their rejection decision, they should reject more offers that deviate from an equal split. Parallel to recent studies we also included an anodal stimulation for the responder condition (Blair-West et al., 2018) as well as for the proposer condition. Our hypothesis was that an increase in rTPJ activity should increase the participant's ability for self-other distinction and thus reduce the number of proposed and accepted equal split solutions in the UG.
The second region we focused on, the rDLPFC, is strongly associated with self-control (Hare et al., 2009) , response selection (Hadland et al., 2001 ) and other executive functions (Duncan and Owen, 2000) . Knoch et al. (2006) used neuromodulation techniques such as repetitive transcranial magnet stimulation or tDCS (Knoch et al., 2008) to decrease the activity of the rDLPFC and observed its effect on the UG. Participants played multiple UGs against multiple anonymous others. They found that an inhibition of rDLPFC activity in responders was related to an increased acceptance of unfair offers in the UG (Knoch et al., 2006) . It was demonstrated that this effect was specific for human interaction. Others, like Civai et al. (2015) found the same result is true for the neighbouring medial prefrontal cortex, but only if the stimulated person makes the decision for themselves, not if they decide for a third party. Therefore, it seems unlikely that these frontal areas are involved in perspective taking for bargaining situations. These studies provide two possible explanations of this behaviour: first, that the rDLPFC may be responsible for the top-down control that modulates the self-interested impulses and integrates participants' fairness norms into their behaviour (Knoch et al., 2006) , and second, that the rDLPFC may control negative emotional reactions to the unfair offers, since it is related to emotion regulation (Grecucci et al., 2013) , a part of the self-control function of the DLPFC. Morewedge et al. (2014) argued, for example, that rejections constitute a failure to inhibit a desire to punish the first player for making an unfair offer. They found that intoxicated participants were more likely to reject unfair offers than sober participants. As intoxication tends to exacerbate a decision maker's prepotent response, this result provides more support for the self-control than the altruistic punishment account. Other research from social cognitive neuroscience supports this finding (Tabibnia et al., 2008) .
Altogether, for the present study, we expect responders to accept more unfair offers when cathodal stimulation is applied to the rDLPFC, parallel to previously reported findings (Knoch et al., 2008) . In addition, we would argue that if the integration of fairness norms is generally impaired by rDLPFC disruption, proposers should also be affected. More specifically, when making an offer to another player, participants also need to weight their own self-interest against their norms of equality. We also include an anodal stimulation condition for the stimulation of the rDLPFC. Increasing the activity of the rDLPFC should lead to a better ability to integrate fairness norms and therefore a lower acceptance rate. If impaired emotion regulation as a reaction to unfair treatment by the other player is the cause, proposers should not be affected by either stimulation condition, since the participants would not be reacting to a negative or aversive stimulus. . In summary, we assumed that responders who receive cathodal stimulation over the rDLPFC will accept more unfair offers than sham stimulation participants, in keeping with the results of Knoch et al. (2008) . Our hypothesis for proposers is that if the cathodal stimulation of the rDLPFC impacts fairness-norm integration, offer size should decrease because self-interest should have a stronger impact on the behaviour.
Finally, the objective of combining the two experiments in one study was to highlight the differences between the functions of the targeted brain areas. Since we predict the same outcome for the responder condition, one cannot dissociate between the brain areas. However, in the proposer condition, a directly opposite effect is to be expected. If the distinction between the own and the others outcome is regulated by the rTPJ, inhibition would lead to more equal offers in the proposer condition. If the rDLPFC has the suggested function of integrating fairness norms, inhibiting the rDLPFC of proposers should lead to more unfair offers.
Experiment 1: rTPJ

Methods
Participants. Seventy-eight healthy participants (40 females), mean age 23.74 years (s.d. = 6.36), gave written informed consent and were instructed about the general procedure and potential side effects of tDCS. The study was approved by the ethics committee of the University of Salzburg. Additionally, it was explained that the participants' data would be treated anonymously and that participants could stop their participation in the experiment whenever they wanted without giving an explanation. As a reward, participants received the money earned in the UG. Eleven participants had to be excluded from the analysis: three because they did not believe the cover story and thought that they played against a computer, and eight had to be excluded because of technical problems.
Procedure. Participants were randomly assigned to the stimulation conditions. Twenty-three participants (12 female) received anodal stimulation, 23 (14 female) received cathodal stimulation and 21 (11 male) were in the sham condition. We collected demographic information via questionnaire and took a photo of each participant's face. We told our participants that the other players would see the picture of them. They were told that they would play the UG via an online network with two other players (one at a time) from a different university and were presented with photos of the other players 1 (Figure 1 ). This was in fact a cover story and the participants actually played against a predefined algorithm to ensure that every participant was confronted with all types of offers (fair [5:5] to unfair [9:1]) and with the same responses. In addition, it was emphasized that they would play with real money and would receive the amount of money earned during the UG after the experiment. After participants read the instructions and rules of the UG on the computer screen, we started the tDCS stimulation. Participants were stimulated for 3 min before the trials started to familiarize them with the stimulation. During the first 10 trials, participants played in the role of proposer and were asked to split 10 monetary units (MUs; 1 MU = 0.10 euros) each trial between themselves and the responder. We presented the proposer condition first, in order to avoid a fairness bias because of the predefined offers in the responder condition. The participants were able to decide whether, and how, to share the money or keep all of it. Offers of less than three MUs were rejected. During the second 10 trials, participants played in the role of responder. As before, they played against the computer, this time receiving offers they could accept or reject. The artificial proposer followed a specific pseudorandomized and predefined ruleset: 'fair' offers of five and four MUs were contained to the first half; 'unfair' offers of two and one MUs were contained to the second half. This was intended to lead to progressively less fair offers over the course of time, in keeping with the standard pattern reported in previous research (Guth et al., 1982) .
We designed the trial timing in a way that participants could expect a real opponent. In both conditions, participants saw a face, representing the other player, for 3000 ms. In the proposer condition, participants had 10 000 ms time to make an offer, while as a responder they had to wait a randomized period of time between 5000 and 10 000 ms. If proposers did not react within the 10 000 ms, they would automatically give the other player 10 MUs. Proposers were shown a waiting screen after that for a randomized period between 2500 and 5000 ms, while as responders they had 5000 ms to either accept or reject the offer. Finally, as the proposer participants saw the reaction of the other player for 5000 ms while in the role of the responder they had to wait for 5000 ms.
Stimulation parameters. TDCS causes a direct current to pass through the brain from an anode to a cathode fixed on the participant's head. Anodal stimulation leads to enhanced cortical excitability, while cathodal stimulation decreases cortical activity . With this ability to enhance and decrease brain activity, we used tDCS to investigate causal effects of human brain functioning on behaviour (Gandiga et al., 2006) . Compared with other methods of neurostimulation, tDCS has the advantage of more easily allowing placebo-controlled studies, because participants who receive tDCS have rarely been able to distinguish between real and sham stimulation (Gandiga et al., 2006) . We used a battery-driven direct current stimulator (neuroConn DC-Stimulator, Germany). For stimulation, we used two sponge electrodes soaked with an isotonic NaCl solution (0.9% NaCl). For stimulating the rTPJ, the active electrode (20 cm 2 )
was placed on CP6, according to the international 10-20 system (Jasper, 1958) , as it represents the area above the rTPJ (Herwig et al., 2003; Donaldson et al., 2015) . The reference electrode (60 cm 2 ) was placed over the left orbitofrontal cortex as it is a recommended and often used reference site (Woods et al., 2016) . Participants were stimulated by direct current with an intensity of 1 mA, resulting in a current density of 0.05 mA/cm 2 .
The DC stimulation lasted 25 min. In the sham condition, electrodes were attached similarly to stimulation conditions, but tDCS lasted only 30 s.
Results and discussion
We conducted an analysis of variance (ANOVA) with stimulation (anodal, cathodal, sham) as the between-subjects factor and the number of MUs kept by the proposer as a dependent variable. Figure 2A ). The anodal condition did not differ significantly from the sham condition (P < 0.98). We then analysed the total number of rejections as a dependent variable in another ANOVA. The between-subjects factor was again stimulation (anodal, cathodal and sham). There was no main effect of stimulation on the rejection rates in Bold numbers represent fixed time windows. A tilde indicates a randomised time period and a 'max' indicates the maximum time participants had to react before the computer forced them to give the full amount of MU (proposer condition) or accept any amount from the other player (responder condition).
the responder condition, F(2,67) = 0.29, P = 0.74, η 2 = 0.009 ( Figure 2C ). The cathodal stimulation of the rTPJ led to a significant decrease in the amount of money kept by the proposers. So, in line with our hypothesis, the inhibition of rTPJ led to offers closer to an equal distribution. The reduction of rTPJ activity may have made it more difficult for the participant to differentiate between their own and the other player's material payoff.
In the responder condition, there was no indication that the rTPJ was actively involved in the conflict between selfish impulses and fairness norms. This lack of a clear effect brings up the question of the necessity of taking the perspective as a responder. It may not require perspective taking, since participants have to react only to the offer itself and not necessarily to another person. In the proposer condition, in contrast, taking the other perspective is necessary for the outcome of the proposer's own decision; that is, the other player's perspective is relative to the proposer's own perspective. In Experiment 2, we compared these results to the regulatory functions of the rDLPFC.
Experiment 2: rDLPFC
Methods
Participants. Sixty-seven healthy participants (34 females), mean age 21.65 years (s.d. = 2.9), gave written informed consent and were instructed about the general procedure and potential side effects of tDCS. The study was approved by the ethics committee of the University of Salzburg. Additionally, we explained that the participants' data would be treated anonymously and that participants could stop their participation in the experiment whenever they wanted without giving an explanation. As a reward for taking part in this experiment, participants received the money earned in the UG. Three participants had to be excluded because of technical problems with the recording of the responses.
Procedure. Participants were randomly assigned to the stimulation conditions. Twenty-three participants (12 male) received cathodal stimulation, 21 (13 female) received anodal stimulation and 20 (10 female) were in the sham condition. The procedure was the same as in Experiment 1 except that after the UG but before the end of the tDCS stimulation, participants were presented with every possible offer and asked to report on a 7-point scale to what extent they perceived the presented offer as fair or unfair (1 = very unfair, 7 = very fair).
Stimulation parameters.
To stimulate the rDLPFC, the active electrode (35 cm 2 ) was placed on F4, while the reference electrode (60 cm 2 ) was placed over the left orbitofrontal cortex. Participants were stimulated by direct current with an intensity of 1.8 mA, which translates into a current density of 0.051 mA/cm 2 . All other parameters and specifications were parallel to Experiment 1.
Results and discussion
To test if the tDCS stimulation of the rDLPFC affected the size of proposals, we used an ANOVA with the between-subjects factor stimulation (cathodal, anodal and sham). The dependent variable was how much money the participants kept for themselves. We found no significant main effect of stimulation, F(2,61) = 0.19, P = 0.981, η 2 = 0.001 ( Figure 2B ).
We then analysed the total number of rejections as a dependent variable in a one-way ANOVA with the between-subjects factor stimulation (anodal, cathodal and sham). We found a significant main effect of stimulation, F(2,61) = 5.62, P < 0.01, η 2 = 0.16. A post hoc LSD test revealed that participants in the Figure 2D ). The anodal condition did not differ from the sham condition (P = 0.67). Parallel to the results of Knoch et al. (2008) , we also found no effect on the fairness judgement using a multivariate ANOVA with stimulation (anodal, cathodal and sham) as independent and the fairness judgements as dependent variables (P = 0.44 to 0.86). As previously shown, participants' propensity to punish unfair offers was reduced by cathodal stimulation. This is true even when using computer-generated offers and a different trial structure from former studies (Knoch et al., 2008) .
2 Despite the successful stimulation effect in the responder condition, we did not find any effect on the offer size in the proposer condition. This means, stimulation of the rDLPFC had no effect on the amount of money participants gave away. This questions the idea that the rDLPFC inhibits selfish impulses in general if one assumes that selfish impulses should play a role in the behaviour of proposers. This is further supported by the fact that the perceived fairness of the offers is not influenced by the stimulation. It is not clear which functional aspect of the rDLPFC causes the rejection of unfair offers. One possible explanation could be that only the responder was confronted with a stimulus (the unfair offer) that causes a negative affective state (Sanfey et al., 2003; Civai et al., 2010) and thus a conflict between this state and the self-interest of the participant. Cathodal stimulation would disrupt this conflict. So, it could be that the prepotent function of the rDLPFC is not to suppress selfish impulses in favour of fairness norms but in favour of an anger reaction to a negative treatment, which was absent in the role of the proposer.
General discussion
Results show a clear difference between the functions of the rTPJ and the rDLPFC in proposer and responder trials. The stimulation of the rTPJ led to fairer offers in the proposer condition; it had no effect in the responder condition. For the rDLPFC, it was the other way around, displaying a clear double dissociation between the functions of those two areas. As a proposer in the UG, being fair minimizes the risk of being rejected and simultaneously maximizes one's own outcome. It is possible and, given the typically fair shares, likely that fairness norms are integrated into this decision and the perspective of the other player is considered. First, we look at the rTPJ cathodal stimulation effect in the proposer condition, which was the result of either the distinction between the participants' own perspective and that of the other player or the simulation of the other's perspective being disrupted. Another explanation would be that because people tend to try to avoid risks, especially in uncertain situations (Kühberger, 1998) , the inhibition of the rTPJ might have led to a less clear concept of the others' actions and thus caused more risk-averse behaviour. We cannot rule out the possibility that alternative non-social functions of the rTPJ like attention (Geng and Vossel, 2013) or mathematical cognition (Butterworth and Walsh, 2011) are the cause of the effect. Since the UG is inherently also a simple arithmetic task, it is possible that inhibition of the rTPJ led to a simple 5/5 heuristic because other splits might be more challenging. While this must be kept in mind, the vast majority of recent studies using economic games focus on the social cognitive side of the rTPJ (Baumgartner et al., 2012; Morishima et al., 2012; Baumgartner et al., 2014; Guo et al., 2014) .
The rTPJ seems not to be involved in the conflict between self-interest and fairness or any form of social punishment, given the lack of an effect in the responder condition, where this conflict should be prominent. The absence of an effect for responders leaves the question if participants need to process the other player's perspective when reacting to an offer. This is in contrast with imaging studies, showing rTPJ activity in the responder condition in some variations of the UG (Guroglu et al., 2010) . However, in the studies we reviewed, we found the rTPJ was only involved when participants were, for example, forced to reject an unfair offer even if the other proposer had, by design of the experiment, no choice than to give an unfair amount (Guroglu et al., 2010; Guroglu et al., 2011) or if multiple responders had to compete with one another (Halko et al., 2009) . In these situations, additional considerations of other perspectives or even additional perspectives must be made by the participants. Our results indicate that, at least in a standard UG with multiple rounds, the functions of the rTPJ seem not to be of significant relevance for participants in the role of a responder.
Considering the rDLPFC in this light, we see, in fact, that it was involved in processing the conflict of fairness norms vs selfish impulses, at least in the responder condition as described in previous studies (van 't Wout et al., 2005; Knoch et al., 2008) . Surprisingly, this study shows that there is no such conflict for proposers. If one assumes that this conflict must exist for proposers, then this would contradict the claim that the rDLPFC processes the integration of fairness norms.
Limitations
One can argue that the responder condition in Experiment 1 was influenced by the behaviour in the previously presented proposer condition. This might have created an expectation for the responders (Chang and Sanfey, 2009 ). Nevertheless, the results showed the same behavioural pattern as found by Knoch et al. (2008) . However, the criticism is valid and might have caused the participants in their role as responder to be less spontaneous. To address this, we also tested if the number of rejections in the responder condition was in any way correlated with the amount of money shared in the proposer condition. We could not find any significant correlations that would support that argument.
Also, unlike earlier studies on bargaining behaviour there was no condition in which the participants thought to play against a computer to control for the human element (Sanfey et al., 2003; Knoch et al., 2006) . This could limit our interpretation, especially of the rTPJ results and our assumption that we decreased the ability of self-other distinction. Future studies should include non-human control conditions for clarifying the role of the rTPJ, especially with regard to its involvement in arithmetic.
A similar problem is caused by the limited focality of tDCS: When large electrodes are used, tDCS might stimulate not only the intended brain regions but also adjacent ones . This is especially true for smaller areas such as the rTPJ. We addressed this by using smaller electrodes than is common, but areas adjacent to the rTPJ, that might have different functions for economic decision making, may have been stimulated (for an overview see, Hetu et al., 2012) . Future studies should address this problem by using a more focal stimulation method such as high definition tDCS (Villamar et al., 2013) .
There was also no difference between the anodal and sham conditions in either experiment, parallel to other recent studies investigating the rTPJ in bargaining (Blair-West et al., 2018) . It is possible that in a task such as the UG where the capabilities of an area are needed and therefore used to capacity, there is no room for improvement. The anodal stimulation may not have had any effect on an already fully activated area.
Conclusion
Our results indicate that the two target areas of this study, rTPJ and rDLPFC, process different aspects of bargaining. The rTPJ processes the distinction between the perspectives of both players when they are necessary, and they seem to be necessary primarily in the proposer condition. We furthermore replicated that the rDLPFC has a role as a self-regulatory system reacting to unfair offers. However, this cannot be extended to the proposer condition and thus not to the integration of fairness norms or overriding self-interest per se. This strengthens the notion that the rDLPFC is most likely responsible for self-control when faced with unfairness. Finally, the observed double dissociation between rTPJ and rDLPFC using tDCS suggests that the function of one area may be independent from the other.
